We investigated the blood supply of the common peroneal nerve. Dissection of 19 lower limbs, including six with intra-vascular injection of latex, allowed gross and microscopic measurements to be made of the blood supply of the common peroneal nerve in the popliteal fossa. This showed that a long segment of the nerve in the vicinity of the fibular neck contained only a few intraneural vessels of fine calibre. By contrast, the tibial nerve received an abundant supply from a constant series of vessels arising directly from the popliteal and posterior tibial arteries.
We investigated the blood supply of the common peroneal nerve. Dissection of 19 lower limbs, including six with intra-vascular injection of latex, allowed gross and microscopic measurements to be made of the blood supply of the common peroneal nerve in the popliteal fossa. This showed that a long segment of the nerve in the vicinity of the fibular neck contained only a few intraneural vessels of fine calibre. By contrast, the tibial nerve received an abundant supply from a constant series of vessels arising directly from the popliteal and posterior tibial arteries.
The susceptibility of the common peroneal nerve to injury from a variety of causes and its lack of response to operative treatment may be explained by the tenuous nature of its intrinsic blood supply.
Palsy of the common peroneal nerve is a frequent complication of various orthopaedic conditions, [1] [2] [3] [4] [5] [6] [7] as well as of orthopaedic and other surgical procedures. [8] [9] [10] [11] [12] [13] [14] [15] Direct injuries, 7, 11 and compression, torsion or stretching of the nerve 1, 3, 8, 15 are thought to be the cause of these lesions, but embolic and thrombotic events have also been implicated. Palsy of the common peroneal nerve is a recognised complication of intra-aortic balloon pumping [16] [17] [18] and isolated cases have been reported after iliac endarterectomy, aortoiliac bypass and femoral aortography. 8 Ischaemia of nerves in the calf has been implicated as the cause of palsy of the common peroneal nerve, 19 and Ferguson and Liversedge 20 reported seven cases of foot drop which were associated with a local vascular abnormality. In another series of 145 patients with vascular claudication, 54 (37%) had some neurological impairment primarily involving the peroneal nerve and eight presented with complete paralysis of muscles innervated by the common peroneal nerve. 21 These observations strongly suggest that the blood supply of the common peroneal nerve may be vulnerable to a variety of traumatic and pathological insults. 22 Furthermore, it may lack sufficient collateral connections to avoid ischaemia.
The gross blood supply of the sciatic nerve and its divisions has been well described. 22, 23 The common peroneal nerve appears to receive its blood supply directly from muscular, cutaneous and geniculate branches of the popliteal artery in the popliteal fossa. This and other peripheral nerve axons are susceptible to ischaemia because of the length of their axons from the cell bodies. However, some protection from ischaemic neuropathy is conferred by the extent of the anastomoses between the many vessels. 24 Lundborg and Brånemark 25 first observed the nature of these vessels, describing a many-layered overlap so that there is no single essential artery. Despite Sunderland's review of earlier reports and his own extensive studies, 22, 23 many details concerning the number and extent of intraneural vessels (vasa nervorum) arising from the circumflex fibular artery as it accompanies the common peroneal nerve around the neck of the fibula are lacking. Flanigan, Cassell and Saltzman 26 described several new anatomical features, including poor anastomoses and asymmetrical branching of the vasa nervorum, which may predispose the tibial nerve to neuropathy. Since mononeuropathies of the common peroneal nerve are more common than those of the tibial nerve, deficiencies in intraand extraneural vascular anastomoses may play a major and heretofore unrecognised role in this distinction. We have examined in detail the origin of the blood supply to the common peroneal nerve in the popliteal fossa and around the neck of the fibula in order to determine the organisation of the intraneural supply.
Materials and Methods
All specimens used in our study were obtained from donors to the University of Iowa Deeded Body Program and were embalmed using carotid arterial perfusion of 2% formaldehyde containing 0.5% phenol and 5% ethanol. Six embalmed lower limbs from four subjects were perfused with saline through an infusion pump by way of the femoral artery in order to remove any remaining clots and debris. Perfusion was continued until clear fluid was observed passing out through the femoral vein. Approximately 500 ml of red or blue coloured latex (Ward's Natural Science, Rochester, New York) were then perfused through the femoral artery at moderate pressure over three to five minutes. It was allowed to harden for 24 to 48 hours after which the specimens were dissected. This usually involved removal of the skin from the lower thigh to the ankle followed by careful blunt dissection of the popliteal fossa and its contents, and mobilisation of the common peroneal and tibial nerves from the bifurcation of the sciatic nerve to the middle of the lateral and posterior crural compartments, respectively. The blood supply of the common peroneal nerve and tibial nerve was photographed and recorded, after which both, together with the popliteal artery and its branches, was removed in their entirety, dehydrated in increasing concentrations of ethanol and cleared in three changes of methylsalicylate. The cleared specimens were subsequently photographed under transillumination.
In addition, the popliteal fossae in another 13 lower limbs, without vascular injections of latex, were dissected and the blood supply of the common peroneal nerve investigated.
Results
Of the six latex-injected specimens, five showed a similar arrangement of the vasa nervorum supplying the common peroneal nerve in the popliteal fossa. A single artery about 1 mm in diameter branched directly from the popliteal artery at approximately the mid-point of the popliteal fossa ( Fig. 1 ). This vessel coursed laterally to give a large branch to the common peroneal nerve just distal to the bifurcation of the sciatic nerve. In the case illustrated in Figure 1 , it also gave a small branch to the tibial nerve. After giving off the initial vessel to the common peroneal nerve, it branched into a larger vessel which accompanied the sural communicating branch of the common peroneal nerve, and a smaller vessel which entered the fibrous sheath of the common peroneal nerve (Figs 1 and 2a ). After running with the common peroneal nerve for 30 to 60 mm, this epineurial vessel divided into a large branch forming a neurovascular bundle with the lateral sural nerve, and a smaller vessel which continued with the common peroneal nerve, eventually anastomosing with a superficial branch of the anterior recurrent tibial artery. In the five specimens containing this arrangement, the mean distance between the large proximal branch entering the common peroneal nerve and the anterior recurrent tibial artery was 116 mm. The mean distance between the vasa nervorum entering the tibial nerve directly from the popliteal and the posterior tibial arteries was 41 mm.
In the sixth remaining injected specimen, the proximal part of the blood supply of the common peroneal nerve had a slightly different arrangement (Fig. 2b) . A single vessel arose from the mid-point of the popliteal artery and immediately gave off a small branch to the common peroneal nerve at a point from which the lateral sural nerve branched. This artery then passed anterior to the popliteal artery and gave a large vessel to accompany the sural nerve, before passing medially to enter the distal aspect of semimembranosus. The small vessel entering the proximal part of the common peroneal nerve gave off a small branch which ran within the sheath of the common peroneal nerve, anastomosing distally with a branch of the anterior recurrent tibial artery. Photograph of the gross dissection of the popliteal fossa of the right leg. The vessel (arrow) branching from the popliteal artery (PA) gives rise to vasa nervorum (vn) to the tibial nerve (TN) and common peroneal nerve (CPN) and a branch which bifurcates into a vessel accompanying the sural nerve (SN) and the epineurial vessel (it) running with the common peroneal nerve (BF, biceps femoris; SM, semimembranosus; SO, soleus).
In the 13 non-injected specimens, six were shown to have a pattern of supply to the common peroneal nerve similar to that of the five injected specimens, although none had the arrangement found in the sixth injected specimen. In the remaining seven non-injected specimens, it was not possible to demonstrate epineurial vessels or vasa nervorum derived from a branch of the popliteal artery. In four of these specimens, a large muscular branch of the popliteal artery, supplying biceps femoris and adductor magnus, gave a vessel which entered the common peroneal nerve close to its origin from the sciatic nerve. In one of these specimens, the sciatic nerve divided high, in the mid-thigh. However, no other vasa nervorum were seen distal to this in these specimens, suggesting that vessels may have been damaged during the dissection of the popliteal fossa. Similarly, in the remaining three specimens, no vasa nervorum arising from the popliteal artery were observed although longitudinal anastomotic channels were seen within the common peroneal nerve. Histological examination. In the four cleared specimens, latex-filled vessels as small as 50 µm in diameter were observed (Fig. 3) . This diameter corresponds to the mean diameter of the smallest vessels (capillaries) found in previous studies, 27, 28 suggesting that the vessels of the smallest calibre were filled with latex. In three specimens, a striking paucity of apparent intraneural vessels was observed in the proximal part of the common peroneal nerve. In these specimens, which were all supplied proximally by way of a direct branch of the popliteal artery, the first vasa nervorum derived from the popliteal branch entered the nerve and bifurcated symmetrically into two longitudinal vessels running proximally and distally. These vessels, located in the epineurium, gave rise to a number of small vessels of fine calibre, which extended for 20 or 30 mm within the substance of the common peroneal nerve. The next vessel to enter the common peroneal nerve branched from the proximal part of the long anastomotic vessel connecting the popliteal branch with the anterior recurrent tibial artery. This vessel bifurcated on entering the nerve, but in every case the ascending ramus was considerably larger than the descending ramus. It formed an anastomosis with the descending branch of the previous vessel whereas the thin descending ramus gave off one or two extremely fine vessels which could be followed within the substance of the nerve Diagrams of the major vascular arrangements supplying the CPN in the popliteal fossa showing a) the arrangement illustrated in Figure 1 found in 11 cases (5/6 injected; 6/13 non-injected) and b) that found in one injected specimen (BFM, biceps femoris muscle; CPN, common peroneal nerve; CSB, communicating sural bridge; GM, gastrocnemius muscle; PA, popliteal artery; SN, sural nerve; TA, tibial artery; TN, tibial nerve; TRA, tibial recurrent artery).
for about 10 to 30 mm. The next tributary, from the long anastomotic vessel, entered the common peroneal nerve at approximately the level of the head of the fibula. This vessel also bifurcated asymmetrically and its larger descending ramus gave off numerous vessels of fine calibre into the common peroneal nerve and joined the anterior recurrent tibial artery. No anastomoses between the fine descending and ascending vessels derived from the two vasa nervorum were seen, although in the specimen illustrated (Fig. 3) a vessel of fine calibre entered the common peroneal nerve at approximately midway between these two vasa nervorum. In all three specimens, the common peroneal nerve segment, with a few intraneural vessels, extended from the edge of the tendon of biceps femoris to the neck of the fibula.
Discussion
We have investigated the blood supply of the common peroneal nerve in the popliteal fossa. Our four major findings are that: 1) the blood supply to the proximal part of the nerve is derived in approximately two-thirds of cases from a direct branch of the popliteal artery; 2) this branch also provides an anastomotic vessel which runs in the connective-tissue sheath of the nerve and anastomoses with the anterior recurrent tibial artery; 3) vasa nervorum derived from this anastomotic vessel enter the nerve and appear to bifurcate asymmetrically; and 4) this asymmetrical branching results in a long segment of the nerve containing only a few intraneural vessels of fine calibre. Compared with the tibial nerve, which received symmetrically branching vasa nervorum at approximately every 4 cm, from the popliteal and posterior tibial arteries, the blood supply to the common peroneal nerve in the popliteal fossa appeared to be relatively sparse. The apparently poor vascularisation of this segment of the CPN as it approaches the fibular neck may predispose the nerve to ischaemic damage through direct compression or tension as well as embolic and other vascular complications.
The results of the gross analysis appear to be broadly consistent with the previous extensive studies of the blood supply of the common peroneal nerve 22, 29 although they suggest that supply directly from a branch of the popliteal artery is the most common arrangement. Sunderland 22 found that only 12 of 40 nerves examined received one or two vasa nervorum from the popliteal artery directly, and only in three cases was it the exclusive source. This discrepancy may be due to the small sample size in our study. Alternatively, the use of injections of latex may have facilitated identification of popliteal-derived vessels. Additional vasa nervorum from geniculate, muscular and perforating arteries have been reported in nerves both with and without popliteal branches. We were unable to identify any contribution to the common peroneal nerve from the geniculate arteries although contributions from muscular branches were found in four non-injected cases. Tonkoff 29 described and illustrated the blood supply of the common peroneal nerve from a musculocutaneous branch of the popliteal artery. The direct branch from the popliteal artery, identified here as providing the proximal supply to the nerve in the popliteal fossa, consistently provided cutaneous branches which ran with the sural communicating and lateral sural nerves. However, muscular branches arising from this vessel were only seen in one injected case.
Sunderland 22 described the vasa nervorum of the common peroneal nerve in the vicinity of the fibular neck as arising from the circumflex fibular artery which, he reported, accompanied the nerve at this point. By contrast, Tonkoff 29 and Hyrtl 30 described the vasculature as arising from the anterior tibial artery; Tonkoff delineated the branch as the ascending nutrient artery of the anterior recurrent tibial artery and Hyrtl delineated it as the fibular branch of the anterior tibial artery. In our material, the Transilluminated view of the intraneural supply of the common peroneal nerve in the popliteal fossa in a cleared specimen. There is asymmetrical branching of the vasa nervorum entering the common peroneal nerve at A and B and a paucity of intraneural vessels between these two points. A symmetrically branching vasa nervorum derived from a branch of the popliteal artery can be seen at C. The connection with the anterior recurrent tibial artery occurred at D but was severed when the nerve bundle specimen was removed from the leg (PA, popliteal artery; TN, tibial nerve; it, epineurial vessel).
artery which accompanied the common peroneal nerve around the fibular neck was a branch from the distal continuation of the anastomotic vessel which joined with the anterior tibial recurrent artery. The circumflex fibular artery arose in all cases from the posterior tibial artery and passed closely round the fibular neck to join the recurrent tibial artery deep to tibialis anterior. No vasa nervorum supplying the nerve arose from the circumflex fibular artery, nor were any seen in the cleared specimens. On this evidence, it seems likely that Sunderland 22 misidentified the vessel accompanying the common peroneal nerve around the fibular neck as the circumflex fibular artery.
One of the more important findings of our study was the observation of asymmetrical branching of the vasa nervorum derived from the anastomotic vessel. In three of the four cleared specimens, the proximal vessel gave rise to a large ascending and a much smaller descending ramus, whereas the distal vessel gave off a small ascending and a large descending ramus. Consequently, only vessels of small calibre supplied a long segment of the common peroneal nerve. On either side of this segment, the large rami anastomosed with those from adjacent vasa nervorum, forming a continuous anastomotic chain of large calibre, from which numerous intraneural vessels arose. Proximally, the anastomotic chain supplying the nerve was continuous with the arteria comitans nervi ischiadici supplying the sciatic nerve, and distally it connected with bifurcating vasa nervorum derived from the anterior tibial artery. The continuous and richly anastomosed vascular supply to the nerve thus appears to be tenuous only in the segment of the common peroneal nerve around the neck of the fibula.
The popliteal fossa is a developmental watershed where several vascular rearrangements occur because of regression and replacement of the embryonic axial artery of the lower limb. Proximal to the tendinous hiatus, at which point the embryonic axial artery receives the developing femoral artery and continues as the popliteal artery, the axial artery is vestigial in the adult and is represented for the most part by the arteria comitans nervi ischiadici. 31 Hence, the vessels which we observed running from the popliteal artery to the sciatic and common peroneal nerves may represent a surviving portion of the axial artery. However, the anterior tibial artery, a vessel not directly derived embryologically from the axial artery, 31, 32 supplies the distal portion of the common peroneal nerve. Therefore, the asymmetries in the intraneural blood supply of the nerve around the fibular neck may reflect the different embryonic origins of the main arterial trunks supplying proximal and distal portions of it. Clearly, this suggestion requires further study, but it is noteworthy that similar vascular asymmetries in the intraneural supply of the tibial nerve have been observed near the junction of the medial and lateral plantar arteries. 28 These vessels have distinct embryological origins. 31 In addition to the many reports of known vascular events leading to palsy of the common peroneal nerve there is surgical evidence which suggests the importance of the vascular supply of the nerve around the fibular head. Rose et al 13 reviewed cases of palsy of the common peroneal nerve after total knee arthroplasty in 435 knees with flexion contracture. In this group, 35 patients had a prophylactic exploration and release of the nerve. Of these, five (15%) developed palsy of the common peroneal nerve after surgery. In the remaining 400 patients with flexion contractures of the knee, only nine (2%) developed a palsy. Rose et al 13 concluded that vascular compromise and/or stretching of the nerve were significant aetiological factors.
Mont et al 33 described the operative findings of epineural fibrosis and bands of fibrous tissue constricting the common peroneal nerve in a series of 31 patients undergoing operative decompression for peroneal palsy. They noted these changes at the level of the fibular head and the proximal origin of the tendon of peroneus longus, an area which corresponds to the region of vascular paucity of the common peroneal nerve noted in our study.
On the basis of these findings, and the anatomical data presented here, surgeons operating around the common peroneal nerve should be aware of its intrinsically delicate blood supply in the vicinity of the fibular head. Further study of vascular compromise and the possible indication for anticoagulation in selected patients presenting with acute peroneal palsy is warranted.
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